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Many foresters and ecologists recog-
nize that disruption of the historic

pattern of frequent fires in ponderosa pine
forests has resulted in major ecological
changes, including increasingly severe
wildfires and insect and disease epidemics
(Weaver, 1943; Covington and Moore,
1992; Mutch and others, 1993; Everett,
1994). In response to this tealization, there
is increasing interest among natural re-
source managers, biologists, and the public
in restoring ponderosa pine forests to more
natural and sustainable conditions (Amer-
ican Forests, 1995). The Intermountain
Research Station and the University of
Montana's School of Forestry, in cooper-
ation with the Bitterroot and Lolo Na-
tional Forests have been testing the effec-
tiveness of different silvicultural and
prescribed-fire treatments for restoring
ponderosa pine forests, and we will report
some observations and initial findings
here. But first we will summarize ecological
changes that have occurred and describe
our restoration treatments.

For thousands of years fire shaped the
composition and structure ofN orth Amer-
ican forests, favoring species such as pon-
derosa pine (Pinus ponderosa) that are fire-
resistant and require fire to regenerate and
compete successfully with other species
(Pyne, 1982, Agee, 1993). In the inland
West, pure ponderosa pine and mixed pon-
derosa pine-fir types are the most extensive
of the fire-dependent forests. Non-fire-de-
pendent species associated with ponderosa
pine are interior Douglas-fir (Pseudotsuga
menziesii var. glauca), grand fir (Abies gran-

dis), white fir (A. concolor), and incense-
cedar (Calocedrusdecurrens). Pure and
mixed ponderosa pine types cover about 40
million acres (16 million hectares) in the
western United States, an area equal to
that of the state of Washington (van
Hooser and Keegan, 1988). Prior to the
early 1900s these forests were characterized
by frequent low~ to moderate-intensity
fires, mostly underburns that killed few ov-
erstory pines. Historically, fires at intervals
averaging five to 30 years in most areas
thinned small trees and helped produce
open, park-like, fire-resistant stands
(Arno, 1988). Today many of these forests
have changed dramatically and are expe-
riencing critical health problems as a result
of 60-80 years of fire exclusion and logging
of overstory pines. For example, more than
a million acres in eastern Oregon's Blue
Mountains now consist mostly of dead or
dying trees, primarily fir thickets impacted
by insect and disease epidemics (Mutch
and others, 1993). Also, large stand-de-
stroying wildfires, formerly rare in the open
ponderosa pine forests, have become com-
mon in the dense stands that have devel-
oped as a result of fire exclusion. Dense
stands also provide fuel ladders that cause
fires to increase in intensity and climb into
tree crowns. Severe fires in ponderosa pine
made up a large portion of the three mil-
lion acres that burned in the inland West
during 1994.

Past logging, which selectively re-
moved large pines and left understory trees
has allowed rapid development of conifer
thickets (Habeck, 1990). Extensive coni-
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er understories have also developed in un-
Jgged parks and 'preserves because of tire
xclusion. If these areas should bum in a
evere wildtire and no subsequent manage-
nent activities occurred, they would be
ikely to re-develop into dense young
tands with excess fuels from the tire-killed
fees. Then these stands will become sus-
eptible to another severe tire within a few
lecades (Arno et al., 1985).

The general goal of restorative man-
gement is to develop more open-stand
tructures consistent with historic distur-
lance regimes. It is usually necessary to be-
;in restoration treatment in today's dense
tands with a "low thinning" that removes
xcess understory and weaker overstory
fees that cannot be safely killed in an un-
lerburn. Seral, disturbance-dependent
londerosa pine and western larch are fa-
'ored for retention. These trees are tire-
esistant and long-lived, commonly surviv-
ng 400 to over 600 years in conjunction
vith frequent underbums. LOW-intensity
>rescribed tire is then conducted to reduce
uelloadings, kill excessive saplings, reju-
"enate undergrowth (herbaceous and
hrub species), and recycle nutrients in a
nanner similar to the natural tires of the
last. Cutting without subsequent burning
s ineffective for forest restoration because
lnly tire can efficiently remove large pro-
'ortions of the small understory trees (of-
en thousands per acre) that occupy many
tands and which, if not removed, will de-
"elop into thickets of stressed trees. In ad-
lition, tire produces unique changes in soil
hemistry such as increased pH and rapid
'xidation of nutrients, both of which
nay signiticantly influence nutrient avail-
bility.

Once thinning and burning are com-
,leted one can maintain some stands in
latural conditions by periodic burning
lone. However, over broader areas of the
andscape it will be easier to maintain
lealthy, low-tire-hazard conditions using
larvest techniques that include periodic
hinning, retaining many of the dominant
rees in addition to underburning. This ap-
'roach encourages development of open
tands with trees of many ages and sizes,
Ihich can be perpetuated in a healthy con-
:ition with selective cutting and under-
'urning at intervals of about 15 to 30 years.

Deaeasing frequency of fire in years following European settlement led to dramatic shifts in the
composition of forest ecosystems in many forest ecosystems in the inland West. This sequence
of photos documents replacement of fire-tolerant ponderosa pine by Douglas-fir on a site at the
Bitterroot National Forest in Montana over a period of 40 years. Top to bottom: 1909. 1927.
1948. Photos courtesy of Steven F. Arno



Our most extensive research/demonstra-
tion study is located in the Lick Creek area
on the Bitterroot National Forest near
Hamilton, Montana. Here we have estab-
lished 33 research units of several acres
each in which we are testing the restora-
tion potential of different harvest treat-
ments that leave a large proportion of the
overstory pines followed by burning and
"no bum" treatments (Fiedleret al., 1992).
Cutting was designed to enhance the vigor
of remaining trees and to rejuvenate un-
dergrowth plants that are important as for-
age for wildlife. The accompanying set of
photos illustrates the sequence of treat-
ments from a photopoint within one of the
harvest/burn units. Cutting reduced the
basal area of the stand by about half.

Even though we believe that re-intro-
duction of fire is crucial for maintaining
sustainable natural stand structures, the
kinds of fire needed for desired effects are
not yet clear. Therefore, different bum pre-
scriptions were tested, including bums in
relatively moist, intermediate, and dry fu-
els, fuel-moisture stages which occur sea-
sonally in this climate of wet winters and
dry summers. We are also comparing the
effects of spring and fall burning. A total
of 15 units were underburned. All bums
were effective in reducing potential for se-
vere wildfires, and caused minimal mortal-
ity of overstory trees. An example of one
of the restoration efforts being studied at
Lick Creek is illustrated by a retention
shelterwood cut and underburn treatment
in a dense stand of 80-year-old ponderosa
pine. The retention shelterwood design
calls for thinning the overstory to reduce
competitive stress ~hile leaving shelter to
encourage regeneration by natural or
planted trees. The long-term goal is to cre-
ate a multi-aged stand and to allow some
of the overstory to reach an old-growth
state. This stand was overstocked for a dry
site, averaging 240 trees and 120 square
feet of basal area per acre, 20 percent of
which was Douglas-fir. The management
plan prescribed harvest cutting to signifi-
cantly reduce basal area, focusing on re-
moval of the smallest merchantable pines
and as many disease- and insect-prone firs
as possible. The largest, most vigorous
pines were retained, since they were a char-
acteristic component of pre-1900 stands.

.
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Total basal area was reduced to 48 square
feet per acre, of which only 4 percent is fir.
The smallest merchantable size class of
pine (averaging 10 inches dbh) initially
dominated the stand, and was reduced
from 130 trees to about 40 trees per acre.
The largest size class (greater than 17
inches dbh) decreased by only a few trees
per acre. Seedlings and saplings-stress-
prone, fire-sensitive firs or pines of poor

vigor in need of thinning-incurred about
a 30 percent density reduction from me-
chanical damage. The underburns were
prescribed to reduce the fire hazard from
existing and harvest-generated fuels (tree
tops), reduce unsightly slash and barriers
to movement of deer and elk through the
stand, release nutrients bound in the or-
ganic horizons, and stimulate growth of
herbs and shrubs. The initial focus was on



e fire hazard, which was represented in
ree strata of fuels. The top stratum was
mposed of interconnecting tree crowns,
lich allow a wildfire to spread rapidly
rough the overs tory .This part of the haz-
1 was greatly reduced by the harvesting
eration, which left 10- to 20-foot gaps
tween adjacent trees. The middle stra-
n, commonly called ladder fuels, was
de up of seedling and sapling conifers

which allow a fire to climb from the ground
into the upper crowns. This hazard was re-
duced by the mechanical treatment. The
third stratum, located on the ground where
fires start and spread, consisted of litter,
branch-wood, and downed tree trunks.

A reduction in the surface fire hazard
with burning was realized by a 65 percent
decrease in the initial 4.5 tons per acre of
litter and small woody fuels and a 60 per-

cent reduction in the initialS tons per acre
of large woody fuels. In addition to the re-
duction of ladder fuels in the harvesting
process, a further reduction occurred with
burning, which killed 60 percent of the
seedlings and saplings. The average pre-
harvest large woody-fuel loading of 5 tons
per acre was increased by 2 t03 tons with
logging slash, Burning returned these fuels
to approximately pre-harvest lev.els.These
levels, while relatively low, may resemble
presettlement conditions, when woody-
fuel loadings were controlled by frequent
surface fires.

Initially, understory vegetation was
sparse and in poor vigor because of the
dense overstory. Thinning. and burning
treatments have generally resulted in im-
proved v~gor and flowering of herbaceous
plants in the first postburn year. Some
alien herbaceous species have increased,
and we are measuring their long-term
trends. We suspect that small increases are
inevitable with site disturbance, but that
these can be minimized through use of low-
impact harvesting equipment and tech-
niques. In any case, the alternative of no
management activity followed by severe
wildfire can result in substantial increases
in exotic plants.

Two shrubs important for wildlife
browse are being monitored because of
their decadent, pretreatment condition.
Bitterbrush suffered 25 percent mortality
from injury during harvesting and an ad-
ditional 40 percent mortality from burn-
ing. Scouler's willow was reduced by 9 per-
cent from mechanical damage and 16
percent more from fire. However, the sur-
viving plants are substantially more vig-
orous, with greater live biomass and better
palatability than unburned plants. The de-
gree of utilization (browsing) by elk and
deer indicates an obvious preference for
sprouts of the burned willows. Other re-
sponses to silvicultural and fire treatments
that are being studied include nutrient re-
leases into the soil, organic matter decom-
position rates, bird habitat, snag creation
for cavity-nesting birds and mammals, and
visual quality of the forest.

Another research/demonstration study
at Sixmile Creek on the Lolo National For-
est near Missoula, Montana, has a different
theme. This study focuses on dense second-
growth pine stands containing woodland



homes and developments, recreation ar-
eas, and scenic roadside corridors, all of
which have high potential for severe wild-
fires (Scott, 1992). For example, more than
100 homes were burned in ponderosa pine
forests around Spokane, Washington, dur-
ing one firestorm in October 1991. The
Sixmile Creek stand has received three
contrasting treatments on adjacent 6-acre
blocks in an effort to find ways to reduce
fire hazard and improve stand health. One
treatment is an economically-oriented
thinning, which nevertheless retains es-
thetic values (tree tops and branches were
hauled to a single large pile and burned).
The second treatment is a low-thinning
(removing mostly the smaller trees) aimed
at making the lightest possible visual im-
pact, but also greatly reducing the risk of
severe fire damage. Branches were burned
in small hand-built piles, leaving little
trace of char a year later. The third treat-
ment represents an "ecological restora-
tion," where low thinning was followed by
an underburn. One year after the bum, a
luxuriant undergrowth of grasses and
herbs, including abundant flowering of ar-
nica (Arnica cordifolia) and other species
that seldom flower in untreated stands, at-
tests to the stimulating effect of fire.

Additional demonstration studies of
ponderosa pine forest restoration using sil-
viculture and prescribed fire are being es-
tablished. One is in an old-growth stand
whose structure and current fire-free inter-
val are far outside the historical range of
variability. Another involves restoration
of previously-logged stands once domi-
nated by large ponderosa pine and larch
but now consisting mostly of diseased fir
thickets. Still another involves restoration
of large ponderosa pine and larch along
with seral riparian shrubs (important for
wildlife habitat) along streamside habitats.
Due to fire exclusion, these riparian areas
are dominated by dense fir thickets with
few shrubs or herbs. This demonstration
study involves monitoring the effect of pre-
scribed fire and thinning on both vegeta-
tion and water quality.

These studies will be used to evaluate
the effectiveness of different restoration
treatments. Field tours of both the Lick
Creek and Sixmile study areas were con-
ducted in 1994. Additional tours of the
demonstration sites will be offered in 1995

and beyond. Anyone interested in attend-
ing is encouraged to contact the authors.

These studies demonstrate strategies for re-
turning fire as an ecological process in pon-
derosa pine forests. Beginning a half-cen-
tury ago (Weaver, 1943) several foresters
and biologists presented detailed observa-
tions indicating that exclusion of fire from
ponderosa pine forests would result in se-
vere forest-health problems. Those warn-
ings were largely unheeded, and even to-
day fire is not being appropriately returned
to these fire-dependent forests in most
commercial stands or nature reserves.
Meanwhile the deleterious effects of ex-
cluding fire without substituting appropri-
ate cultural treatments, including pre-
scribed burning, become more obvious
with the passing years (Everett, 1994;
American Forests, 1995). Restoring a sem-
blance of the natural fire process in forests
affected by fire exclusion requires consid-
erable care and planning, but the techno-
logical knowledge to begin this restoration
is available (see, for example, Kilgore and
Curtis, 1987) and should be put to use. We
hope our demonstrations will help encour-
age this endeavor ..
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